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CACHE MANAGER FOR SEGMENTED
MULTIMEDIA AND CORRESPONDING
METHOD FOR CACHE MANAGEMENT

FIELD OF THE INVENTION

The present invention generally relates to caching of seg-
mented multimedia 1tems that are available 1n multiple quali-
ties, e.g. HI'TP Adaptive Streaming (HAS) video segments
that are encoded with different resolutions i different ver-
sions. The invention 1n particular attempts to improve the
cache hit rate of rather small, intermediate caches 1n between
the multimedia server and the client requesting the multime-
dia segments.

BACKGROUND OF THE INVENTION

Existing HyperText Transier Protocol (HTTP) caches treat
segmented video 1 a manner similar to HT'TP web content.
Typical algorithms that are used by the cache manager for
eviction ol segments from the cache memory or for pre-
fetching segments from the content server for storage in the
cache memory are based on least-recently-used (LRU) or
least-frequently-used (LFU) mechanisms.

The main drawback of LRU or LFU based cache manage-
ment when applied to segmented multimedia that 1s available
in multiple qualities, resides 1n the fact that temporal depen-
dencies and quality-based dependencies between the seg-
ments are not exploited, as a result of which the cache hit rate
1s not optimized.

European Patent Application EP 0 702 491 entitled “Video
Optimized Media Streamer with Cache Management”
describes an improved video cache that takes into account
temporal dependencies between video segments for schedul-
ing transiers between mass storage and a cache buttfer. Thus,
the nature of video streams with temporally ordered segments
1s used 1n pre-fetching video segments in order to improve the
cache efficiency.

EP 0702 491 however does not consider the availability of
multiple qualities of a single video 1tem and the possibility for
the client to dynamically switch between these qualities
depending for instance on the availability of resources. As a
result, the cache algorithm disclosed in EP 07702 491 does not
optimize the cache hit rate when multimedia 1tems can be
requested 1n different qualities and the requested quality may
adaptively change during consumption of the multimedia like
tor instance with H1TP Adaptive Streaming (HAS) of video.

In particular for intermediate cache nodes with limited
capacity, e.g. HI'TP caches 1n access nodes, improvements 1n
the caching algorithms may result 1n significant increase of
the cache hit rates and consequently of the benefit/cost ratio
when deploying such caches.

It 1s therefore an objective of the present invention to dis-
close a cache manager and a corresponding cache manage-
ment method that resolves the above mentioned shortcomings
of existing solutions. More particularly, it 1s an objective to
disclose a cache manager and corresponding cache manage-
ment method with improved cache hit rate for segmented
multimedia available in multiple qualities.

SUMMARY OF THE INVENTION

According to the present invention, the above defined
objective 1s realized by a cache manager for managing the
intermediate caching of segments of multimedia 1tems of
which multiple versions are available, each version represent-
ing a multimedia item with a different quality, the cache
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manager comprising control means to control pre-fetching of
segments of the multimedia items 1nto a cache memory and
eviction of segments of the multimedia items from the cache
memory, these control means being responsive to information
indicative for temporal and quality related inter-segment rela-
tionships between segments of the multiple versions of the
multimedia items. Such cache manager 1s defined by claim 1.

Thus, the basic 1dea underlying the current invention is to
exploit specific knowledge on inter-segment relationships,
both temporal and quality-related, to improve the cache evic-
tion and pre-fetching efficiency. Indeed, when a user 1s for
instance watching a video at a certain point 1n time by down-
loading a segment with quality level Q and segment identifier
ID, the likelihood that the user will be interested 1n viewing
segment ID+1 with a quality level that 1s close to Q, 1s rela-
tively high. More generally, segments with IDs that are sub-
sequent to the ID of the multimedia segment that 1s currently
consumed are more likely to be requested by the user than
segments that are further away 1n time from the currently
consumed segment. Moreover, the quality level of future
requested multimedia segments 1s more likely to be close to
the currently consumed quality level. The combined temporal
and quality-dependent relationships between segments there-
fore shall enable to pre-fetch multimedia segments that are
more likely to be requested in the near future, and to remove
segments that are less likely to be requested 1n the near future.
Obviously, this will result 1n improved cache hit rates, 1.e.
higher availability of requested segments in the cache.

It 1s noticed that the temporal and quality related inter-
segment relationships may be combined with traditional cri-
teria such as populanty, time and date of last usage, etc., in
order to optimize the cache hit rate. As will be explained
below, the temporal and quality related inter-segment rela-
tionship knowledge may further be supplemented with less
traditional criteria such as user profile information, history
information, and network load information to further opti-
mize the cache hit rate. Additionally, the system could use
information that 1s bound to the content itself, e.g. a sports
game or talk show, but also information indicative for typical
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an interview, etc.

Optionally, as defined by claim 2, the cache manager
according to the current mnvention comprises means to extract
the temporal and quality related inter-segment relationship
information from one or more multimedia presentation
description file, e.g. the manifest files related to the multime-
dia items.

Indeed, the relationship between segments when using
adaptive streaming technology 1s typically described in the so
called multimedia presentation description (MPD) file, e.g.
the manifest file. This mamfest or MPD file could therefore be
exploited by the cache manager according to the present
invention to establish knowledge on the relationship between
segments 1n an HTTP adaptive streaming session.

Further optionally, as defined by claim 3, the control means
may be adapted to be responsive at start-up to popularity
information of the multimedia 1tems.

Indeed, at the start of a movie for instance, little informa-
tion will be available on the active sessions and the inter-
segment relationships. Therefore, general popularity infor-
mation could be taken into account at this point 1 time to
control the pre-fetching and eviction of segments.

According to a further optional aspect defined by claim 4,
the means to control pre-fetching and eviction of segments
may be adapted to be responsive to one or more of the fol-
lowing:

user profile information;
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segment popularity information;

user history mnformation:

sess10n history information;

content history information;

content information supplied by a content owner/producer;

network load between a multimedia server and said cache

memory;

network load between said cache memory and end user

equipment;

client side algorithm information.

Thus, additional information can be taken 1nto account by
the segment pre-fetching and eviction algorithm. The extra
information can be a user profile describing for instance typi-
cal bandwidth available for a given user, segment popularity
information indicative for the amount of times a given seg-
ment has been requested, user history describing for instance
the zapping behaviour of a given user, content history describ-
ing for instance the typical points in time where the user stops
consuming a given multimedia 1tem, session history describ-

ing for mstance the typical quality level(s) that are requested
in a grven session, the load or available resources 1n the part of
the network between the multimedia server and the cache
and/or 1n the part of the network between the cache and client,
and knowledge on specific client side algorithmic strategies.
The latter may for instance include mformation on the client
side buffering. When a Smoothstreaming client for istance
notices that 1ts butler fill level for viewing video 1s lower than
a threshold value, 1t may switch automatically to the lowest
possible quality 1 order to avoid mterruptions. Keeping the
corresponding low quality segments 1n cache may therefore
be a valuable strategy that optimizes the cache hit rate for such
clients. Knowledge on the load or available resources in the
network part between server and cache may be exploited to
determine how aggressively segments will be pre-fetched.

In order to control the pre-fetching of segments and the
eviction of segments, the cache manager according to the
current invention hence may not only consider temporal and
quality dependent inter-segment relationships, but may also
exploit any combination of the aforementioned information
types 1n order to further optimize the cache hit rate and ben-
efit/cost ratio of multimedia cache deployment.

As 1s further specified by claim 5, the cache manager
according to the current invention may further comprise
means for machine learning the temporal and quality related
inter-segment relationships.

Thus, the software/hardware that 1s used to determine
which segments to remove from the cache and which seg-
ments to pre-fetch from the mass store, could be based on a
machine learning algorithm that dynamically adapts itself to
the environment wherein 1t is deployed. An advantage thereof
1s that updates to existing clients or the behaviour of new
clients in the network can be learned. This way, excessive
software upgrades for intermediate caching nodes are
avoided.

In an embodiment of the cache manager according the
invention, defined by claim 6, the means to control pre-fetch-
ing and eviction of segments may be further adapted to main-
tain and/or assign values to segments stored in the cache
memory, each value representing a likelithood that a corre-
sponding segment of a version of a multimedia item will be
requested, considering the temporal and quality related inter-

segment relationships.

Indeed, a simple way to implement the current invention
consists 1n maintaining values for each segment in each ver-
sion of the multimedia 1tem. These values represent the like-
lihood that a segment will be requested and consequently also
the interest for keeping a segment 1n cache. Each value 1s
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4

determined in function of the temporal relationship and qual-
ity relationship between the segment under consideration and
the recently requested segments of the same multimedia 1tem.
Eventual additional information may be exploited to deter-
mine/fine-tune the values. The values are updated each time
one or more segments are requested.

According to a further advantageous aspect of the mven-
tion, defined by claim 7, the cache manager may comprise
re-direction means adapted to 1nstruct re-direction of a mul-
timedia session from a {irst cache node to a second cache
node, the re-direction means being responsive at least to
network topology information mapping clients to one or more
caching nodes.

Thus, the mformation that 1s used to optimize the pre-
fetching and segment eviction decisions according to the
current invention may further be exploited to re-direct a mul-
timedia session, €.g. a video streaming session by a client, to
another cache node in the network. This may be advantageous
for instance 1n a situation where the same multimedia session
1s already delivered by another cache node to another client,
eventually slightly delayed in time. When a cache node 1s
handling a multimedia session and watches the segment with
identifier ID and quality level ), the likelithood that in the
session a request for the segment with identifier ID+1 and
quality level Q will also be 1ssued will be high. Thus it may be
advantageous to redirect this session request to a cache node
that handles a session that 1s already handling a session for the
same content and that 1s watching the segment identifier ID+1
and quality level Q.

For determining which caching node should handle a ses-
s10n, typically topology imnformation 1s used in the prior art
and no dedicated information on the HAS session 1s taken mto
account. As a result, sessions are traditionally redirected to a
nearby caching node. In order to be able to efficiently re-
direct multimedia sessions, the cache manager according to
the invention could use network topology information, e.g. a
list mapping clients to one or several cache nodes that are
closely located. Additional information like the actual load of
the cache nodes, 1.e. the cache node recerving the request and
the cache node whereto the session will be re-directed, as well
as particular information on the sessions handled by the dii-
ferent caching nodes, including time and quality information
of these sessions, will improve the efficiency of the re-direct-
ing algorithm. Additional information may include prior
knowledge on the expected popularity of the session. In order
to share the network topology information and eventual addi-
tional information on the load and sessions handled by the
different caching nodes, a protocol enabling to communicate
this 1information between the caching nodes or a protocol
enabling to distribute this information through mediation of a
central platform, must be implemented.

It 1s further noticed that the re-direction of a multi-media
session according to the current invention may be controlled
at segment level, 1.e. one or more segments of a session are
delivered through another caching node, or may be controlled
at session level, 1.e. the entire multimedia session 1s re-di-
rected to another caching node.

In addition to the cache manager defined by claim 1, the
current mvention also relates to a corresponding method for
managing the intermediate caching of segments of multime-
dia 1tems of which multiple versions are available, each ver-
s1on representing a multimedia item with a different quality,
the method comprising controlling pre-fetching of segments
of the multimedia 1tems into a cache memory and eviction of
segments of the multimedia 1tems from the cache memory 1n
response to mformation indicative for temporal and quality
related inter-segment relationships between segments of the
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multiple versions of the multimedia items. This correspond-
ing method 1s defined by claim 8.

As 15 mdicated by claim 9, the method according to the
invention optionally may comprise re-directing a multimedia
session from a first cache node to a second cache node thereby
using at least network topology information mapping clients
to one or more caching nodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block scheme of an embodiment of
the cache manager 100 according to the present invention;

FIG. 2 1llustrates operation of a second embodiment of the
cache manager according to the present mvention when a
single session wherein a multimedia item available 1n mul-
tiple qualities Q 1s downloaded, 1s active;

FIG. 3 illustrates operation of a third embodiment of the
cache manager according to the present invention when two
sessions wherein a multimedia item available 1n multiple
qualities Q 1s downloaded, are active; and

FI1G. 4 1llustrates a functional block scheme of an embodi-
ment of the cache manager according to the present invention
with re-direct component.

DETAILED DESCRIPTION OF
EMBODIMENT(S)

FIG. 1 depicts a segment store or cache 150, a segment
manager 100, and the underlying transmission layer 160.

The segment store 150 1s a simple memory component that
contains a number of multimedia segments. Segments can be
requested from 1t and 1injected 1n 1t. Additionally, the memory
component can be monitored and will return information on
the segments that are available.

The segment manager 100 represents a first embodiment of
the cache manager according to the present invention. The
segment manager 100 1s responsible for answering requests
for segments from clients, contains a pre-fetch component
102 for pre-fetching and inserting segments in the segment
store 150, and an eviction component 101 for eviction or
removal of segments from the segment store 150. Addition-
ally, the segment manager 100 1s also responsible for request-
ing segments from a remote entity, a mass multimedia store,
when these segments are not present in the segment store 150
and will have the possibility to store these segments 1n the
segment store 150 when 1t decides to do so. At last, the
segment manager 150 will also store information on the
requests 1t sees 1nto various mformation components 103 that
are responsible for maintaining relevant data on the multime-
dia traffic. These information components 103 may be inter-
nal or external to the segment manager 100.

In the mnformation component 103 contains a variety of
components that essentially capture global and local infor-
mation to aid the segment eviction and pre-fetch algorithms in
making their decisions. The examples shown i FIG. 1
include the manifest file(s) 131 with information on how the
segments of a given session are linked temporally and quality-
wise, user profile information 132, user history information
133 on a particular user, session history information 134 on a
specific session, content history information 1335 on how spe-
cific content 1s typically consumed, and information on the
monitored network load 136. However, this 1s a non-exhaus-
tive list and other additional information could be used 1n the
eviction and pre-fetch algorithms of alternative embodiments
of the current mnvention.

The eviction component 101 1s responsible for determining,
which segments should be removed from the segment cache
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6

150. To do this, the eviction component 101 makes use of the
various types of information 131,132,133, 134, 135 and 136
that are available in the information component 103.
The pre-fetch component 102 1s responsible for determin-
ing which segments to pre-fetch from the multimedia mass
store. To do this, the pre-fetch component 102 also makes use
of the various types of information 131, 132, 133, 134, 135
and 136 that are available in the information component 103.
The request recerver 161, the request sender 162, the
response receiver 163, and the response sender 164 constitute
the message interface to the external world. Basically, these
provide the transmission layer 160 for communicating with
other entities 1n the network, like clients and mass stores.
It 1s noticed that the invention can be used in a system
where a combination of HI'TP Adaptive Streaming (HAS)
with Scalable Video Coding (SVC) 1s used. This 1s for
instance the case 1n the MPEG DASH (Dynamic Adaptive
Streaming of HTTP) standard specification. SVC encodes
different versions of a video file 1n lierarchically structured
layers. The base layer represents a low quality version of the
video file. Enhancement layers are built on the base layer to
generate higher quality versions of the video file. In such a
system, the benefit brought by the cache manager according
to the present invention 1s even bigger because lower layers,
c.g. the base layer, are always required for a segment.
Whereas higher, enhancement layers may be removed from
the cache, the base layer may be kept since 1t 1s needed for all
versions of the video file.
FIG. 2 and FIG. 3 illustrate the operation of a second
embodiment of the cache manager operating according to the
principles ol the invention. In this second embodiment a value
1s maintained for each segment of a video file (horizontal axis
T) at each quality level (vertical axis Q). FIG. 2 illustrates a
situation where a single user downloads at a given point 1n
time a particular segment, 1.¢. the shaded segment 1n FIG. 2.
The horizontal dashed line shows the consecutive segments of
the video file that the user 1s assumed to download. At the
point in time where the user downloads the shaded segment,
the cache manager according to the invention assigns values
to other segments. These values depend on temporal and
quality related inter-segment relationships, and represent a
measure for the likeliness that a segment will be requested by
the user. A simple strategy to assign such values to the seg-
ments could be as follows:
the first three segments of the same quality level, following
the segment that 1s currently being downloaded are
increased by 3.

the subsequent three segments at the same quality level are
increased by 2;

the subsequent three segments at the same quality level are
increased by 1;

the segments with a quality level difference of 1, and a
segment 1dentifier that differs at most 5 from the cur-
rently downloaded segment identifier get an increase of
2,

the subsequent 4 segments at a quality level difference of 1

are increased by 1; and

the segments with a quality level difference of 2, and a

segment 1dentifier that differs at most 5 from the cur-
rently downloaded segment identifier get an increase of
1.

IT1t1s assumed that the values of all segments were 0 before
downloading the shaded segment, FIG. 2 represents the val-
ues of the segments at the different quality levels after down-
loading the shaded segment.

FIG. 3 illustrates the same embodiment 1n a situation where
a first user downloads a first shaded segment, and a second
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user downloads a second shaded segment. The segment
downloaded by the second user constitutes a later segment,

and the second user downloads this later segment with a
higher quality level than the first user 1s viewing. When 1t 1s
again assumed that the values of all segments were 0 before
the first and second users were downloading the shaded seg-
ments, FIG. 3 represents the values of the segments at the
different quality levels after user and user 2 have downloaded
their respective segment at their respective desired quality.
The dotted lines i FIG. 3 further represent the assumed
sequence of segments that will be downloaded by the first and
second user.

The above explained assignment of values 1s repeated for
all active sessions and the final value assigned to the segments
1s normalized. The eviction component and pre-fetching
component of the cache manager according to the invention
shall base their decisions for eviction of segments from the
cache and pre-fetching of segments into the cache on these
values. Segments with a high value are least likely to be
removed from the cache by the eviction component. Seg-
ments with high values that are not yet in the cache are likely
to be pre-fetched from mass store by the pre-fetching com-
ponent.

In an alternative embodiment that also maintains 1mpor-
tance values for segments, the cache manager assigns a value
to specific segments that are 1n the cache. It 1s assumed that all
the segments have the same duration. When a segment 1s
removed from the cache, the eviction component 1n the cache
manager selects the one with the lowest value. In the algo-
rithm, S(m) denotes the set of all segments ofamoviem. Each
segment 1s 1dentified by an integer value s representing the
order 1n which the segments are typically downloaded and
Q(s) represents the quality corresponding to a segment s. The
cache importance of a segment 1s the value that represents to
what extent it 1s interesting to keep this segment 1n the cache.
The scheme to assign these values 1n the third embodiment 1s
as follows:

For all the active users u that are watching a movie m {
For all i belonging to S(m), where i>s {

1__importance = 1__importance + (1, s);

h

h

Herein:
m represents the movie being watched by user u;
s represents the identifier of the segment of movie m being
watched by user u;
q represents the quality of segment s;
1 represents an integer index;
1_1mportance represents the importance value of the segment
with identifier 1; and
1(1,s) 1s a function used to calculate the increase in importance
for a segment 1 when 1t 1s known that user u 1s currently
watching segment s of the same movie m.

An example function 1(1,s) could be the following:

100 — (i -
| (i—s)| " (20,

(i —s$)Q) — Q(S)l]
_ + mi
1+ Q) — Q(s)|

fli,s)=1+ =

This function 1(1,s) assigns a higher importance to seg-
ments that are close m time to the currently watched seg-
ments. This function 1(1,s) also allows for a varying quality by
letting the estimation of the expected quality to be higher for
segments that are near 1n time and assuming that segments
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that are further away in time would have a much more equal
importance for the quality versions that are available.

In this third embodiment it 1s preferred to reserve part of the
cache memory for the imtial segments belonging to the video
streams. This would ensure that segments at the start of a
movie, which would have a lower likelihood to be 1n the cache
when the previous algorithm 1s used, are kept available.

In a fourth embodiment of the cache manager according to

the present invention, a learming mechanism 1s used to learn
the likelithoods of requesting segments close to the currently
watched segments, either in time or 1n quality. One plausible
technique consists 1n tramning a Markov chain for different
historical requesting paths. Given a training set, the probabil-
ity of requesting segment Q(s+1) can be estimated as P(Q(s+
DIQ(s), Q(s=1),...,Q(1)), which assumes that the requesting
quality by HI'TP adaptive streaming 1n the near future (s+1)
does not only depend on the current quality, but also rely on
the historical requesting qualities.

To simplify the computation and avoid the data sparseness,

P(Q(s+1)IQ(s), Q(s-1), . . ., Q(1)) can be approximated as
P(Q(s+1)IQ(s), Q(s-1), . .., Q(s—n)), where n 1s denoted as

the length of the retrieved quality path. The parameter n needs
to be optimized. Similarly, 1t 1s possible to statistically esti-

mate P(Q(s+2), Q(s+1)IQ(s), Q(s=1), . . ., Q(s-n)), . . .,
P(Q(s+t), . . ., Q(s+1)IQ(s), Q(s-1), ..., Q(s—n)) from the

training set.

In test, given the requesting path Q(s), Q(s—1), ..., Q(s—n),
the maximum likelihood criterion 1s used to select the least
important segment based on the Markov chain obtained from
the training set. An incremental learning can also be 1ncorpo-
rated to adaptively update the parameters in the Markov chain
in order to {it the new network conditions. This learning could
be done for each video individually, for an individual client,
but also on aggregates.

FIG. 4 depicts a block diagram of a cache node wherein the
cache manager 100 has a redirection component 401. The
reference numbers used 1n FIG. 1 arere-used in FI1G. 4 to refer
to functional blocks that implement the same functionality.
The cache node illustrated by FIG. 4 further contains infor-
mation 403 on the network topology and information 402 on
other cache nodes to which session requests can be redirected.
A monitor daemon component 404 takes care of sending
monitor mformation to other cache nodes and retrieving
monitor mformation from other cache nodes. An example
algorithm would work as follows: the cache node depicted 1n
FIG. 4 determines the cache nodes that are closer to the client
1ssuing the request. It then orders these nodes based on their
proximity to the client and starts with the cache node closest
to the client. Ifthis node, below denoted as ¢, handles sessions
for the same content, the cache node of FIG. 4 determines
whether this node would be a valid candidate for redirection.
This could be done 1n the following way. Suppose the request
S 1s for a segment with temporal 1dentifier ID and quality
identifier ), go through all of the sessions for the same con-
tent. The memory available in the candidate cache node 15 X.

c=candidate cache node

Decision value=0.0

For all sessions s, handled by c, for the same content do

If identifier (s) <ID + X do
If quality(s) = quality (S) do
Decision_ value = 1.0
done
else do
Decision _ value + = 1/(10*|(quality(s)—quality (S)|)
done



US 9,418,012 B2

9

-continued

done
done
If Decision  value > threshold wvalue do

Redirect (S, ¢)
done

The 1nitial cache node could follow this procedure for all
the candidate cache nodes and when 1t would find a node ¢
where the redirect decision 1s reached, redirect the session. If
no suitable candidate node ¢ would be found, it would handle
the request itsell.

Although the present invention has been illustrated by ret-
erence to specific embodiments, 1t will be apparent to those
skilled 1n the art that the invention 1s not limited to the details
of the foregoing illustrative embodiments, and that the
present invention may be embodied with various changes and
modifications without departing from the scope thereof. The
present embodiments are therefore to be considered in all
respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than
by the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are
therefore intended to be embraced therein. In other words, it
1s contemplated to cover any and all modifications, variations
or equivalents that fall within the scope of the basic underly-
ing principles and whose essential attributes are claimed 1n
this patent application. It will furthermore be understood by
the reader of this patent application that the words “compris-
ing” or “comprise” do not exclude other elements or steps,
that the words *““a” or “an” do not exclude a plurality, and that
a single element, such as a computer system, a processor, or
another integrated unit may fulfil the functions of several
means recited in the claims. Any reference signs in the claims
shall not be construed as limiting the respective claims con-
cerned. The terms “first”, “second”, third”, “a”, “b”, “c”, and
the like, when used in the description or 1n the claims are
introduced to distinguish between similar elements or steps
and are not necessarily describing a sequential or chronologi-
cal order. Similarly, the terms “top”, “bottom”, “over”,
“under”, and the like are mtroduced for descriptive purposes
and not necessarily to denote relative positions. It 1s to be
understood that the terms so used are interchangeable under
appropriate circumstances and embodiments of the invention
are capable of operating according to the present invention 1n
other sequences, or 1n orientations different from the one(s)
described or 1llustrated above.

The mvention claimed 1s:

1. A cache manager configured to manage the intermediate
caching of segments of multimedia items of which multiple
versions are available, each version representing a multime-
dia 1tem with a different quality,

wherein the cache manager comprises a control processor

adapted to control pre-fetching of segments of the mul-
timedia 1tems from a mass multimedia store into a cache
memory and adapted to control eviction of segments of
the multimedia items from the cache memory, the con-
trol processor being responsive to information indicative
of temporal and quality related inter-segment relation-
ships between segments of the multiple versions of a
multimedia item 1n order to pre-fetch segments of the
multimedia item that are more likely to be requested 1n
the near future, such as segments that are subsequent to

10

a currently consumed segment and having a quality level
close to a currently consumed quality level, and to

remove segments of the multimedia 1tem that are less
likely to be requested in the near future.

2. The cache manager according to claim 1, further com-
prising a processor configured to extract the information from
one or more multimedia presentation description files related
to the multimedia 1tems.

3. The cache manager according to claim 1, wherein the

0 control processor 1s Turther adapted to be responsive at start-
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up to popularity information of the multimedia items.

4. The cache manager according to claim 1, wherein the
control processor 1s further adapted to be responsive to one or
more of the following;

user proiile information;

segment popularity information;

user history information:

session history information;

content history information;

content information supplied by a content owner/producer;

network load between a multimedia server and the cache

memory;

network load between the cache memory and end user

equipment;

client side algorithm information.

5. The cache manager according to claim 1, further com-
prising a processor configured for machine learning the tem-
poral and quality related inter-segment relationships.

6. The cache manager according to claim 1, wherein the
control processor 1s further adapted to maintain and/or assign
values to segments stored 1n the cache memory, each value
representing a likelithood that a corresponding segment of a
version ol a multimedia 1tem will be requested, considering
the temporal and quality related inter-segment relationships.

7. The cache manager according to claim 1, further com-
prising a re-direction processor configured to instruct re-
direction of a multimedia session from a first cache node to a
second cache node, the re-direction processor being respon-
stve at least to network topology information mapping clients
to one or more caching nodes.

8. A method for managing the intermediate caching of
segments ol multimedia items of which multiple versions are
available, each version representing a multimedia item with a
different quality,

wherein the method comprises controlling pre-fetching of

segments of the multimedia 1tems from a mass multime-
dia store 1nto a cache memory and controlling eviction of
segments of the multimedia items from the cache
memory 1n response to information ndicative for tem-
poral and quality related inter-segment relationships
between segments of the multiple versions of a multi-
media 1tems 1n order to pre-fetch multimedia segments
of the multimedia item that are more likely to be
requested 1n the near future, including segments that are
subsequent to a currently consumed segment and having,
a quality level close to a currently consumed quality
level, and to remove segments of the multimedia 1tem
that are less likely to be requested 1n the near future.

9. The method according to claim 8, further comprising
re-directing a multimedia session from a first cache node to a
second cache node thereby using at least network topology
information mapping clients to one or more caching nodes.
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